. The main causes of hiccup can be classified as: central nervous system; psychiatric; metabolic; toxic and infectious; ear, nose, and throat disease; thoracic; and abdominal (Kahrilas & Shi, 1997; Launois et al., 1993; Marsot-Dupuch et al., 1995) . Although the main culprit lesion in the central nervous system causing hiccup is thought to involve the brainstem, including the medulla oblongata or pons (al Deeb, Sharif, al Moutaery, & Biary, 1991; Kim, 2003; Kobayashi et al., 2009; Kumar & Dromerick, 1998; Liu, Fuh, & Wang, 2008; Mattana, Mattana, & Roxo, 2010; Musumeci, Cristofori, & Bricolo, 2000; Park et al., 2005) , a few cases with persistent or intractable hiccups caused by damage to the supratentorial cortex have been reported (van Durme, Idema, & van Guldener, 2008; Jansen, Joosten, & Vingerhoets, 1990; Lee, Pritchard, & Weiner, 2011; Longatti, Basaldella, Moro, Ciccarino, & Franzini, 2010; Marsot-Dupuch et al., 1995; Tiedt & Wenzel, 2013) . However, the characteristics of patients showing hiccups due to supratentorial lesions have not yet been fully elucidated. The present study aimed to address the clinical and radiological characteristics of acute stroke patients presenting with hiccup at a single stroke center, with a particular focus on supratentorial lesions associated with hiccups.
| ME THODS

| Study population
Subjects in this present study were selected from 5,309 consecutive patients with acute ischemic stroke or transient ischemic attack (TIA) who were admitted to Kohnan Hospital (Sendai, Miyagi, Japan) within 7 days after onset between April 2006 and September 2017.
All patients admitted to our institute during this period were examined by neurologists, neurosurgeons, or both and were screened by routine laboratory tests, as well as computed tomography (CT) or magnetic resonance imaging (MRI). Based on the findings from clinical examinations and brain imaging, board-certified stroke neurologists specializing in the care of stroke patients made a diagnosis of ischemic stroke or TIA. The severity of neurological deficits was evaluated using the National Institutes of Health Stroke Scale (NIHSS) score on admission (Lyden et al., 1994) .
Clinical and investigative data were prospectively entered in a standardized fashion by stroke neurologists into the Kohnan Hospital Stroke Registry. Among the collected data in the registry, history of illness, neurological findings, and clinical course during hospital stay were recorded descriptively and used as components for the discharge summaries. These descriptive records were retrospectively searched by a board-certified consultant stroke neurologist (R. I.)
regarding history of illness, neurological findings, and clinical course during the hospital stay for the term "hiccup" (the actual search was for the Japanese equivalent to hiccup, "Shakkuri" or "Kitsugyaku," with the former as the colloquial term, and the latter as the medical term) in October 2017. We did not limit the duration of hiccup for inclusion in this study. The medical records of these screened patients were reviewed by a single reviewer (R. I.) to exclude patients who had other possible causes, including metabolic, abdominal, or thoracic disorders. The Kohnan Hospital Ethics Committee approved the study protocol. Due to the retrospective nature of the study, the need for written informed consent was waived.
F I G U R E 1 Flow chart for patient selection
Consecutive patients with acute ischemic stroke or TIA who were admitted to our institute between April 2006 and September 2017 n=5309
Patients with acute stroke accompanied by hiccup within 7 days before admission or during hospital stay n=16
Initial retrospective screening of descriptive records in the registry for the term "hiccup" n=20
Search term "hiccup" was not detected in the patient record n=5289
No hiccup associated with stroke based on the patient record n=4
| Analysis
We analyzed the association between hiccup and clinical characteristics, including age, sex, accompanying neurological findings, and radiological findings from brain imaging. Because of the small number of patients initially screened in this analysis, we did not adopt statistical analyses to compare characteristics between patients with and without hiccup. As a particular focus was placed on patients with supratentorial lesions, characteristics including radiological findings were described for each case.
| RE SULTS
After searching the registry, 20 patients with acute stroke were initially screened. Just after initial screening, two cases had been excluded because the extracted description from the database indicates that there was no hiccup in the cases. Although we reviewed the medical records of the screened patients, there were no patients with hiccup due to other possible causes, such as metabolic, abdominal, or thoracic disorders.
One case was excluded because of suspicion whether it was mix-up the hiccup with respiratory distress symptom. Another case was excluded because we could not confirm the episode of hiccup in the medical records. We finally selected 16 stroke patients (median age, 64.5 years; male 88%) accompanied by hiccup within 7 days before admission or during the hospital stay ( Figure 1 ). Median initial NIHSS score was 3 (interquartile range [IQR], 1-8.25). Median interval from stroke onset to occurrence of hiccup was 3.5 days (IQR, 0-6 days), and median duration of hiccup was 4 days (IQR, 2.25-10 days). Among these 16 patients, nine patients showed infarcts in the lateral medulla oblongata, and the remaining seven patients had supratentorial infarcts. Clinical and radiological characteristics of these seven patients with supratentorial infarcts are shown in Table 1 and Figure 2 . Three patients had cortical infarcts including the right insular cortex and temporal lobe (Table 1, Figure 2a,b) .
On the other hand, four patients had subcortical infarcts in the anterior circulation. The posterior limb of the inner capsule, basal ganglia, and corona radiata were injured in these patients (Table 1 , Figure 2c -f).
Although Patient 4 ( Figure 2c ) showed cerebellar infarct contralateral to the inner capsule infarct, the lesion in the cerebellum was small, and the brainstem was unaffected. Notably, the right side was damaged in six of the seven patients with supratentorial injury (86%).
| D ISCUSS I ON
We demonstrated that the culprit lesion in some patients with hiccup caused by acute ischemic stroke was partially attributable to supratentorial infarcts. We identified not only cortical infarcts including the insular cortex and temporal lobe, as previously reported to be associated with hiccup (van Durme et al., 2008; Jansen et al., 1990; Lee et al., 2011; Longatti et al., 2010; Marsot-Dupuch et al., 1995; Tiedt & Wenzel, 2013) , but also supratentorial subcortical infarcts. Moreover, the right hemisphere was frequently damaged in this series.
Hiccup is one of the common symptoms in patients with lateral medullary infarction. Kim reported that one of 4 patients among a large series with lateral medullary infarction showed hiccup (Kim, 2003) .
On the other hand, a few cases with supratentorial cortical damage including the temporal lobe or insular cortex have been reported to experience intractable hiccups (van Durme et al., 2008; Jansen et al., 1990; Lee et al., 2011; Longatti et al., 2010; Marsot-Dupuch et al., 1995; Tiedt & Wenzel, 2013) . We described four cases with hiccup caused by supratentorial subcortical infarcts, in addition to three cases with cortical infarcts that were in accordance with past studies.
Interestingly, subcortical infarcts were located close to the insular cortex in two cases with hiccup (Patient 6, Figure 2e ; Patient 7, Figure 2f ).
Subcortical regions adjacent to the insular cortex including the basal ganglia, inner capsule, and corona radiata might be involved in inhibitory control of the reflex arch of the hiccup system. Damage to the central nervous system is thought to cause hiccup by releasing the higher-center inhibition of the hiccup reflex (Kahrilas & Shi, 1997; Launois et al., 1993; Marsot-Dupuch et al., 1995; Wagner & Stapczynski, 1982; Yamazaki et al., 2008) . Discontinuation of inhibitory control by cortical regions would affect the brainstem involved in hiccup generation, resulting in altered sympathetic tone (Tiedt & Wenzel, 2013) . On the other hand, some brain regions including the insula, brainstem, and supratentorial subcortex adjacent to the insular cortex were reported to be associated with Takotsubo cardiomyopathy, which is related to failure of the (Yoshimura et al., 2008) .
Moreover, the right insula was implicated in the autonomic control of cardiac activity (Colivicchi, Bassi, Santini, & Caltagirone, 2004) . In the literature, there were five cases with the right-sided, three with the left-sided, and one case with diffuse bilateral lesions among nine cases with hiccup associated the supratentorial injury (van Durme et al., 2008; Jansen et al., 1990; Lee et al., 2011; Longatti et al., 2010; Marsot-Dupuch et al., 1995; Tiedt & Wenzel, 2013) . The predominance of the right-sided infarct in our study could be attributable to a chance finding; however, the importance of the right hemisphere about the pathogenesis of hiccup in stroke could not be ignored. A cortical visceral network comprising the insular cortex and temporomesial structures was advocated based on a study with electrocortical stimulation of the anterior insular cortex (Ostrowsky et al., 2000) . Injuries to the insular cortex or adjacent subcortex in the pathogenesis of hiccup in stroke could be attributable to the same mechanisms as cases with cardiac autonomic failure in stroke.
This study had some limitations. The single-center design was one. Despite the information from the large database, we could not obtain an enough number of patients with hiccup to perform statistical analysis to address the detailed role of supratentorial lesions for hiccup. Although data from the Kohnan Stroke Registry were collected in a standardized, preplanned fashion, evaluation of hiccup was not performed in a systematic way because of its retrospective nature. Therefore, it could not be proven that the hiccup associated with stroke was comprehensively picked up from the population.
Because mild or short-term hiccup in patients with brainstem lesion could be considered as common and of no importance symptom, it might have been overlooked. Moreover, this study collected cases with hiccup regardless of duration, whereas hiccup cases in the literature almost always involved persistent or intractable symptoms.
Therefore, it is possible that the association between the supratentorial lesion and the hiccup had been overestimated. Nonetheless, the present study was the first to evaluate the significance of supratentorial subcortical infarct in association with hiccup in patients with acute stroke. To address more detailed and robust association between infarct location and hiccup pathophysiology, a large, prospective registry focusing on hiccup is warranted.
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